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AN  INVESTIGATION  OF  SOME  PROPEETT-'C  OF  COLD  CATHODE  ETCDES 

Prepared  b,/ ; 

Julius  I.  Bou’en 

ABSTRACT:  Some  properties  of  cold  cathode  diodes  manufactured 

by  the  General  Electric  Company  for  use  in  the  XR~3  Fuze  cir- 
cuit have  been  examined.  Tests  have  been  conducted  or  break- 
dovn  voltage  characteristics  of  the  diodes  using  a rarlety 
of  test  methods,  and  the  effects  of  repeated  brealcdovT}.s  exam- 
ined. Energy  transfer  characteristics  of  the  diodes  have 
been  stu'^ied,  with  emphasis  or  the  effect  of  the  magnitude 
of  the  applied  voltage;  and  also  the  dynamic  voltage  drop 
characteristics.  Jn  the  course  of  the  experiments  a new  test 
set  for  measuring  brecdcdovm  voltage,  the  Dynamic  Breakdown 
Voltage  Tester,  has  been  introduced  with  significant  results, 
the  most  important  of  which  is  the  reprodu''ibility  obtainable 
in  contract  with  previous  confusior  on  this  point.  Tests 
have  been  conductec.  on  two  major  modifications  of  the  basic 
design:  a self-sh; elded  diode,  anc  a rugged  short  body  - 

short  electrode  version.  The  resu]  Is  indicate  that  the  modi- 
fied versions  are  not  applicable  in  the  Xi’i-3  Fuze  because  of 
the  necessity  for  design  changes  in  the  fuze  structure,  which 
is  now  in  an  advanced  stage  of  development.  The  modifica- 
tions, however,  do  appear  to  have  excellent  properties  for 
other  applications,  such  as  timing  circuits  and  high  acceler- 
ation requirements.  The  Dynamic  Breakdown  Voltage  Tester  has 
also  been  used  to  study  the  breakdcnr.  volbage  properties 
dependent  on  the  rate  of  voltage  application,  with  the  results 
indicating  that  breakdown  voltage  increases  with  increase  in 
voltage-time  gradient  of  the  applied  voltage. 
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AN  INVESTIGATION  SOME  PROPERTIES  0?  COLD  CATHODE  DIODES 


IHTRODUCTIOi; 

lo  The  cold  cathode  diodes  which  are  the  siibject  of  this 
report  are  similar  in  size  to  the  nore  familiar  General  Elec- 
tric NE-62  type  of  neon  glow  tube.  They  contain  two  short 
tubular  electrodes  e.nd  are  filled  with  an  argon-neon  mixture. 
Encircling  the  glass  envelope  of  the  diode  is  a strip  of 
paper  treated  with  a radium-phosphor  mixture  (Figure  1) . 

Each  phosphor  band  contains  about  0.1  microgram  of  radiuno 
The  natural  radioactivity  is  sufficient  to  excite  the  phos- 
phor, which  emits  pi'lmarily  in  the  low  visible  and  ultra- 
violet range.  The  electrodes  of  tlis  diodes  are  photosensitive 
and  the  net  electron  emission  is  used  to  keep  the  level  of 
primary  ionization  relatively  high  in  order  to  reduce  the 
statistical  time  lag  of  breakdown,  \ihen  sufficient  voltage  is 
applied,  to  a minimum.  The  three  diode  types  herein  con- 
sidered are  the  XD-IB,  XD-2D,  and  XD-3B;  and  the  nomenclature 
represents  nominal  breakdown  voltage  values  of  100,  150,  and 
225)  respectively, 

2o  The  diodes  are  designed  to  meet  specifications  set  up 
for  the  XR-8  Electric  Rocket  Fuze  circuit  (reference  (a)). 
Briefly,  this  circuit  consists  of  three  parallel  branches, 
each  containing  one  of  the  three  types  of  diodes,  in  series 
with  a condenser  across  which  is  an  impact  “ivltch  and  a 
primer  of  specific  time  delay.  In  use  the  pilot  would  oper- 
ate a charging  button  which  applies  a specified  amount  of 
voltage  across  the  circuit  of  magnitude  sufficient  to  break 
down  only  the  XD-IE  Diode,  or  both  the  XD-IB  and  ^~2B  Diodes, 
or  all  three  diodes.  This  furnishes  a method  of  selective 
time  delay,  since  the  XD-IP  is  in  series  with  the  longest 
delay  primer,  the  XD-?B  is  in  series  wi  :h  a primer  which  has 
a shorter  delay,  and  the  XD-3B  is  :lr  series  with  an  instan- 
taneous primer.  The  diodes  than  act  as  switches  in  this 
application  to  select  the  branch  of  the  circuit  having  the 
proper  delay  in  accordance  with  the  applied  voltage - 

3o  The  diodes  have  been  subjected  to  a variety  of  tests  to 
examine  their  breakdo'^m  voltage  and  energy  transfer  charac- 
teristics under  varying  conditions.  The  purpose  of  the  tests 
can  be  considered  as  twvofold;  to  find  out  if  the  diodes 
meet  the  breakdown  voltage  and  energy  transfer  characteristics 
required  by  the  specifications  which  were  set  up  for  the 
XR-8  Fuze  circuit,  and  to  examine  the  feasibility  of  relax- 
ing any  of  the  existing  speciflcaticns  to  advantage;  and  to 
study  the  factors  which  affect  the  properties  of  cold  cathode 
diodes  in  general. 
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Excerpts  from  Existing  S.pecif ications 

4o  Breakdown  vclta,i;c  specifica  tior  s are  given  in  Table  1(A). 
Energy  transfer  specifications  (see  reference  (b))  require 
that  when  a 500  microsecond  pulse j with  tolerance  lj.tni:.s  on 
the  palse  duration  of  +0  ani  -100  n.icroseconds,  of  t speci- 
fied voltage  is  applied  to  the  diocs,  sufficient  energy  should 
be  passed  to  charge  a 0.1  microfarse.  condenser  to  4c  volts. 

The  circuit  also  contains  a 750  olin.  resistance  in  series  with 
the  diode  and  the  condenser  to  simtlate  the  fuze  circuit. 

T)Ce  size  of  the  applied  voltage  is  given  in  Table  1(B). 

5.  In  place  of  the  latter  requirenient , and  owing  tc  the 
difficulties  inherent  in  p7*odueing  a controlled  length  pulse, 
NOL  has  been  using  n long  duration  square  wave  of  tbe  speci- 
fied magnitude  applied  across  a 7%'  ohm  resistor,  tbe  diode 
under  test,  and  the  0,1  microfarad  condenser.  The  time 
required  to  charge  i;he  condenser  tc  ’45  volts  is  measured. 

It  is  felt  that  more;  can  be  learnec  by  this  procedure  than 
by  a simple  test  of  whether  or  net  the  dicd«  c.eets  the  energy 
transfer  specification  under  the  ccntroil.led  length  pulse  test. 


Breakaown  Voltage  Tests 

6.  Tne  breakdov/n  voltage  tests  woie  begin:)  v;ith  the  Dring- 
Mayer  Diode  Tester,  made  by  the  Thcraas  A.  Edison  Company. 
Briefly,  for  this  tesu  the  tester  c:au  be  used  in  two  ways: 
First,  the  voltage  can  be  set  at  a iesiied  value  and  a step 
voltage  applied  to  i;he  diode  by  me-iis  cf  some  external  svritch. 
If  the  diode  breaks  do'-m,  the  tester  detects  this  by  firing 

a thyratron.  Secondly,  the  voltage  can  be  varied  with  a motor 
driven  helipot,  which  increases  the  voltage  at  the  3 ate  of 
about  14  volts  per  second.  When  tie  pedal-type  sv:itch  which 
actuates  the  drive  Is  vlepressed,  a potential  difference  of 
70  volts  is  instantaneously  appliot  to  the  diode,  aftsr  which 
the  14  volt  per  second  build-up  of  applied  voltage  is  added 
tc  the  70  volts,  When  the  diode  fj.res,  the  thyratren  actuates 
a relay  vrhich  stops  the  motor,  and  the  breakdown  vcltags  is 
Indicated  on  a luminous  dial  on  the*  test  set.  The  la’eakdown 
voltage  can  read  di'-ectly  to  0.3  voli:^  and  the  tester  has 
an  over-all  accuracy  of  ±0,1  percent. 

7.  Preliminary  tests  were  made  on  the  diodes  in  daylight, 
using  the  voltage  gradient  cf  l4  volts  per  second.  For  20C 
diodes  of  each  type  tester,  it  was  I’ound  that  the  lollowing 
amount  fell  outside  tlie  specified  breakdown  voltage  toler- 
ances ; 
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Number  of  Diodes 

Type  Outside  Limits  Percep-i:- 

XD-IB  23  11.5 

XD-2B  61  30,5 

XD-3B  6 ' 3.0 

Tile  data  is  presented  graphically  in  Figure  4. 

8,  Since  the  diodes  are  intended  for  use  in  the  dark,  how- 
ever, it  was  decided  to  maKe  tests  in  total  darkness.  Con- 
sequently, the  diodes  were  mounted  in  polystyrene  racks,  ten 
diodes  to  each  rack,  and  the  racks  were  stored  in  a large, 
light-tight  metal  chest  which  was  kept  in  the  photographic 
darkroom.  To  make  measurements  a rack  was  removed  from  the 
chest  and  loaded  into  a small  brass  test  box  with  light- 
tight terminal  posts  mounted  on  the  outside.  This  operation 
was  performed  in  total  darkness.  The  box  was  then  removed 
to  the  light  for  the  purpose  of  making  measurements. 

9.  Several  tests  were  performed  on  2C0  XD-2B's  thus  stored. 
The  voltage  was  set  at  137.9  volts  (or  0.1  volt  belcv;  the 
lower  tolerance  limit) , and  this  was  applied  to  the  diodes 
in  each  polarity  using,  first,  a mercury  switch  and,  then, 

a mechanical  galvanometer  key  switch.  This  was  done  to 
examine  the  effects  of  using  different  types  of  switches  on 
breakdown  voltage.  It  should  be  noted  that  the  diodes  are 
not  intentionally  polarized  but,  due  to  random  lack  of 
symmetry  in  construction,  they  have  somewhat  different  prop- 
erties depending  on  the  dir  w 0 Oil  in  which  the  voltage  is 
applied.  Data  cn  whether  or  not  the  diode  fired  were 
recorded.  Then  the  same  tests  were  repeated  with  the  volt- 
age set  at  162.1  volts  (or  0.1  volt  above  the  upper  toler- 
ance limit).  An  interval  of  at  least  30  minutes  was  allowed 
between  successive  breakdowns.  Similar  tests  were  made  on 
60  each  XD-lB's  and  XD-3B's.  Results  are  given  in  Table  2. 
One  can  test  the  hypothesis,  once  having  combined  the  results 
of  both  positive  and  negative  polarity  at  a given  voltage 
setting  and  for  a given  type  of  switch,  that  there  is  no 
difference  in  the  number  of  rejects  obtained  between  the 
mercury  switch  and  tlie  galvanometer  key.  This  has  been  done 
using  the  simple  Chi-square  test  of  statistics.  The  result 
is  that  there  is  no  significant  difference,  vrlth  one  excep- 
tion, i.e.,  the  difference  in  the  number  of  rejects  can  very 
easily  arise  by  chance  alone.  The  exception  is  for  }!D~2B 
diodes  with  162.1  volts  applied.  The  reject  rate  is  sig- 
nificantly higher  when  the  galvanometer  key  is  used,  and  one 
can  say  on  the  basis  of  statistics  that  by  chaixce  alone  such 
a significantly  higher  reject  rate  can  be  obtained  about  2% 
of  the  time.  Despite  this  very  small  probability  (2  chances 
in  100  of  getting  such  results  in  a test  of  this  nature  by 
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chance  alone)  it  can  be  asstuned  that  this  does,  in  fact, 
occur  by  chance  since  one  has  the  evidence  that  for  XD-lB'j 
and  XD-3B's  (at  lover  and  higher  applied  voltages  than  for 
XD-2B*s)  the  selection  of  the  switch  is  not  a critical 
factor  in  reject  rete. 


lOo  The  breakdown  voltage  of  each  diode  (200  XD-2B's  and  60 
each  XD-lB's  and  XD=3B'3)  was  next  measured  using  the  Thomas 
A,  Edison  Company  notor  driven  tester  with  the  l4  volt  per 
second  gradient,  and  the  means  and  standard  deviations  were 
computed.  The  results  are  given  In  Table  3. 

11,  A test  was  then  set  up  to  examine  the  breakdown  voltage 
characteristics  of  the  diodes  with  repeated  breakdowns,  using 
the  l4  volt  per  second  g^^adient.  Croups  of  sixty  diodes  of 
each  type  were  selected.  Half,  or  thirty,  of  each  type  v^as 
tested  once  and  then  set  aside  as  a control  group.  The 
remaining  thirty  of  each  type  served  as  the  test  group. 

These  were  broken  down  twice  a day,  once  in  each  direction. 

An  interval  of  at  least  thirty  minutes  was  allowed  between 
successive  breakdowns  of  the  same  diode.  This  process  was 
repeated  for  ten  days.  At  the  end  of  this  time  the  motor 
diiven  helipot  was  inoperative.  About  a week  was  spent  in 
reualr  and  recalibraticn  of  the  tester.  Then  the  diodes 
were  again  tested  for  ten  days,  as  before.  The  control  group 
was  broken  down  again  on  the  last  day  of  the  accumulated 
twenty  days  of  testing, 

12,  To  analyze  the  data  obtained  with  this  test,  a statis- 
tical process  known  as  analysis  of  variance  with  a residual 
was  employed  (reference  (c)).  The  variance  is  merely  the 
square  of  the  standard  deviation,  the  latter  having  a famil- 
iar statistical  meaning.  The  variance  has  the  property  that 
if  a process  has  a number  of  factors  each  contributing  to 
the  total  variance  of  the  final  product,  then  this  total 
variance  is  equ: 1 to  the  sum  of  the  component  variances , 
assuming  the  factors  are  acting  independently.  This  prop- 
erty of  addition  makes  possible  the  technique  known  as  anal- 
ysis of  variance  whereby  the  total  variance  of  a process  can 
be  analyzed  into  its  component  factors,  the  relative  impor- 
tance of  which  can  then  be  assessed, 

13,  To  reduce  this  into  terms  of  the  tests  performed  on  the 
diodes,  assirme  that  for  each  individual  diode  there  is  a 
variety  of  external  and  internal  factors  which  affect  the 
breakdown  voltage  cn  successive  tests.  The  internal  causes 
may  be  thought  of  as  "aging".  The  external  causes  may  be, 
for  example,  temperature,  hxomidlty,  cosmic  rays,  etc.  No 
effort  is  made  to  control  the  external  causes,  and  the  effects 
of  these  two  sources  of  changes  Ir  breakdown  voltage  are 
lumped  together.  They  cause  a dispersion,  or  variance,  of 
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breakdown  voltage  of  an  individual  (average)  -Uode  Measured 
on  successive  trials.  Besides  this  source  of  variance, 
there  is  also  the  fact  that  in  a sample  of  diodes  of  the 
same  type,  the  diodes  differ  from  one  another.  This  gives 
us  an  "among  classes"  variance,  considering  a collei^tion  of 
breakdown  voltage  readings  on  a single  diode  as  a "class". 

In  addition,  there  is  a residual  variance  which  cannot  be 
attrlbijted  to  the  aforementioned  causes.  It  may  be  regarded 
as  a measure  of  randomness,  or  experimental  (Gaussian)  error. 
One  uses  this  as  a standard  for  comparison  with  the  other 
components  of  variance.  Only  if  the  latter  are  significantly 
large  in  comparison  with  the  residual  variance  (as  determined 
by  certain  statistical  tests  such  as  Fisher’s  Z-test)  are 
they  statistically  significant. 

1^0  In  thci  process  of  this  type  of  statistical  analysis  the 
means  and  standard  deviations  for  individual  diodes  were  com- 
puted and  also  the  over -all  mean  for  different  diode  types - 
The  results  are  given  in  Table  and  the  analysis  of  vari- 
ance is  given  in  Table  5. 

15«  The  data  computed  from  the  control  group  did  net  furnish 
any  additional  significant  informatjon;  and,  consequently, 
the  control  group  was  of  no  value. 

16,  Data  taken  during  August  and  September  of  1950  on  50 
preproduction  samples  of  each  type  v;ere  analyzed  in  the  same 
way  as  the  more  recent  data.  This  comparison  is  siimmarized 
in  Table  6. 


Energy  Transfer  Tests 


17.  The  apparatus  used  to  perform  these  tests  is  the  Text 
Set  }CH-27A  Diode  Tube  Tester.  A square  pulse  of  controlled 
amplitude  sufficient  to  fire  the  diode  is  applied  across  the 
diode  and  simultaneously  starts  a Potter  Electronic  Chrono- 
graph. The  diode  is  in  series  with  a 0,1  mlci*ofarad  condenser 
and  a 750  ohm  resistor.  When  the  diode  fires,  the  condenser 
begins  to  charge.  When  the  voltage  across  the  condenser 
reaches  a predetermined  value  (in  this  case  45  volts),  a 
calibrated  voltage  detecting  circuit  causes  a thyrati’on  relay 
circuit  to  become  activated.  This  provides  a pulse  which 
stops  the  chronograph.  The  time  measured  is  hei'eafter 
referred  to  as  the  charge  time.  The  delay  caused  by  the 
circuitry  is  negligible.  The  same  experimental  group  of 
diodes  which  was  used  for  consecutive  breakdown  voltage  tests 
was  also  used  for  the  charge  time  tests,  Including  the  con- 
trol group,  so  that  sixty  diodes  of  eac]',  type  were  used.  As 
the  first  phase  of  the  experiment,  the  nominal  overvoltages 
required  by  the  specifications  (Table  1)  were  used.  These 


voltages 

XD-3B*s, 


are  13O,  195, 
respectively'’. 


and  295  for 
The  charge 


the  XD-lB‘'s,  XD-2B's,  and 
time  for  each  breakdovm 
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was  ^.easured  once  a day  for  ten  days,  with  the  volte ge  teing 
applied  in  tlie  sane  polarity  each  time..  The  same  piocess 
was  repeated  using  lover  overvoltages,  values  which  are  20^ 
in  excess  of  the  no.'.iinal  breakdown  voltage.  These  lower 
voltages  are  120,  130,  and  270  for  the  XD-13,  XD-2Bj  and 
XD-3S,  respectively - 

18.  The  data  obtained  are  difficult  to  anal3'ze  rigorously. 

Of  primary  interest  is  the  number  of  failiires  with  regard  to 
the  specifications.  Ihis  is  shown  in  the  histogrsjns  of  Fig- 
urto  5?  6,  and  7;  and  the  reject  rs te  is  summarized  in 
Table  7..  it  is  of  great  interest  and  practical  importance 
to  know  how  the  charge  time  is  affected  as  a function  of 
the  overvoltage.  It  is,  however,  cifflcult  to  make  an  anal- 
ysis of  this,  since,  as  has  been  observed,  the  breakdown 
voltage  of  an  individual  diode  itself  appears  to  have  a 
fairly  large  dispeT^sion,  and  the  charge  times  measured  for 
an  individ’ual  diode  have  a very  large  dispersion. 

19.  llie  question  v;as  later  brought  up  of  whether  it  was 
advisable,  from  the  standpoint  of  charge  tine  of  c.icdes,  to 
relax  the  specifications  or  the  charging  voltage  to  be  used. 
Consequently  100  diodes  of  each  type  were  subjected  to  charge 
time  tests  with  applied  voltages  covering  the  range  from 

20^  to  30^  overvoltage  in  increments  of  approximately  2%, 

Each  diode  was  broken  down  tv;ice  at  each  apalied  voltage, 
so  that  200  readings  were  made  at  each  voltage.  Table  8 
sho;;s  the  voltages  applied  for  each  tube  type,  V/ith  the 
exception  of  the  120  volt  data  for  >D-lB's,  the  data  at  20^ 
and  30^  overvoltage  (31-1^  for  XD-3E's)  are  taken  as  that  of 
paragraph  17 j plotted  in  Figures  5;  6,  and  7,  which  were 
taken  from  60  diodes  of  each  type,  ten  measurements  on  each. 
Except  for  the  120  vo3 1 data  for  t‘‘ie  data  from  the 

two  different  groups  of  samples  correspond  ’-/ith  an  acceptable 
degree  of  homcgeneity, 

20.  For  each  set  oC  data  (i.e,,  each  tube  type  at  each  volt- 
age) the  percentile  points  for  charge  time  were  taken  over  a 
range  from  the  80th  percentile  to  99. twelve  percentile 
points  iij  all,  at  each  voltage  setting,  These  data  have 
beeji  plotted  on  Figures  8,  10  and  3,2.  On  c.ach  graph  (one 
graph  tor  each  tube  tjpe)  there  is  plotted  the  charge  time 
against  percent  passing  for  each  applied  voltage.  On  Fig- 
ures 9 5 11 j and  13  the  charge  time  is  plotted  against  applied 
voltage  for  each  percentile. 

21.  Special  attention  is  paid  to  the  98th  percentile  point 
and  curve.  For  XD-13's,  the  98th  percentile  curve  inter- 
sects the  120  volt  applied  voltage  line  at  about  875  ffiicro- 
secondSc  For  XD-2B  s,  the  98th  percentile  curve  inler.sects 
the  180  volt  line  at  about  900  raicroseoondso  For  XD-.33's, 
the  corresponding  intersection  is  at  about  650  microseconds. 
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It  is  thus  indioated  that,  vith  regard  to  the  operation  of 
the  General  Electric  diodes,  the  chr.rg.i'jg  voltage  limits  can 
be  opened,  up  to  include  an  overvoltage  as  low  as  20^  of  the 
nominal  value;  and  pass'ing  can  be  'hieved  if  it  can  be 
shoun  that  about  ICOO  microseconds  are  e.vailable  for  charging 
the  fuze  circuits,, 


Dynamic  Tube  Drop 


22c  Tc  study  whether  the  charge  tline  readings  obtained  are 
due  primarily  to  the  dynamic  impedance  of  the  tube  being 
relatively  high  or  v;hather  most  of  the  time  is  consumed  in 
tube  breakdox^n,  a series  of  breakdown  time  tests  was  made. 

The  diodes  tested  were  the  same  as  those  used  for  the  charge 
time  tests  described  in  paragraph  17,  and  each  diode  was 
broken  down  11  times > The  tests  were  made  using  Test  Set 
XR-2?A,  referred  tc  in  paragraph  17,  with  circuit  similar  to 
that  used  for  charge  time  tests.  The  voltages  used  were  the 
nominal  ^Q%  overvoltages,  i.e.,  130,  19.5,  snd  295  for  the 
XD-13,  XD-2B,  and  Xt-33j  re.spectively . The  data  is  presented 
in  the  lilstograms  of  Figures  l4,  15,  an:  16„  Figures  17,  13, 
and  19  show  this  data  plotted  in  the  form  of  curves  of  break- 
down tine  versus  percentile.  If  we  compare,  at  the  same 
percentile  point  in  their  r*es’''ective  distributions,  the 
charge  time  and  the  breakdown  we  can  get  an  idea  of 

the  average  voltage  drop  across  the  diodes  during  the  time 
the  condensers  are  charging.  The  voltage  available  for 
charging  the  condenf'cr  is  equal  to  the  difference  in  applied 
voltage  minus  the  tube  drop;  and  tho  resultant  circuit  can 
be  considered  as  ha'ulng  a 750  ohm  resi;:  Lance  and  0.1  micro- 
farad condenser,  thus  a time  constant  of  75  microseconds. 

The  tube  drop  can  be.  calcula.ted  from  tlis  .formula 

45  *=  (Ea  - Et) 

where  the  condenser  cha.rge3  to  45  volts,  Ea  = voltage  applied 
to  the  circuit,  E^  tube  drop,  and  At  “ difference  in  time 
between  charge  time  and  breakdows;  time.  The  calculations 
are  made  using  the  Both  percentile  point  (Table  9),  ^nd  the 
results  are: 


Tube  '.':nje 

XD-:i3 

XD-23 

XD-^3 


Aver  a g o lb  e„0j  icp 

8j  volts 
131  volts 
220  Vfilts 


It  should  be  emphasi.2ed  that  these  values  a.?e  average  tube 
drops  during  the  cordeuser  charging  interval  from  zero  to  45 
volts  only.  The  tubs  drop  at  or  Ji’st  prior  to  extinguish- 
ing is  in  the  order  of  70  a'olts  for  .all  three  tube  types, 
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uetermiLed  experimsr tally  by  observing  the  difference  between 
the  applied  charging  voltage  and  the  final  condenser  voltage 
after  cr.t-off.  The  average  tube  drop  is  of  value  in  antici- 
pating the  ti.mcs  i.n^/'olved  in  charging  a circuit  with  three 
branches,  each  with  a condenser  in  series  v;ith  a diode. 


Dynaji'lc  Sreakdov/n  Voltage  Tester 


23.  All  the  ueasurenerits  of  breakdcvm  \’oltage  previously 
made  used  either  a step  voltage  or  a l4  volt  per  second  volt- 
age gradient  on  the  Thomas  A,  Edison  Tester.  In  order  to 
study  the  effect  on  the  breakdowTi  voltage  of  varying  voltage 
tiire  gradient,  the  Dynamic  Breakdown  Voltage  Tester  Test  Set 
XR-2SA,  hereafter  I'eferred  to  as  DBVT,  v;as  designed.  With 
this  instrument  the  voltage  gradient  applied  to  test  diodes 
can  be  selected  in  the  range  from  approicimately  10  volts  per 
second  to  100  kilovolts  per  second,  varying  the  gradient  in 
steps  by  a factor  of  10  per  step.  The  general  wave  form  of 
the  voltage  applied  to  the  diode  approximates  a true  expo- 
nential curve.  To  kno\/  the  v'oltage  gradient  exactly,  at  the 
time  breakdown,  one  trust  make  use  of  either  a measured 
value  of  breakdot<m  voltage  or  a measurenent  of  time  elapsed 
until  breakdown  occurs  by  means  of  the  following  relations: 

V3  = Va  (l-e“'^/^‘‘^) 


dv  1 

J VrrVS 


.i  \/  A •ra 

RC  ^ 


w/ 


_ V,fl-vB 


where  vg  = breakdown  vrhtPirri  of  the  diode 
Va  “ maximum  voltage  applied 
RC  = time  constant  of  the  circuit 
t = time  elapsed  until  breakdown  occurs 

Frovisic-.n  is  made  tc  measure  t by  means  of  a Potter  Chrono- 
graph, Inat  in  practice  the  voltage  gradient  is  waken  to  be 
that  which  prevails  for  an  average  brealtdown  voltage  of  a 
given  tube  type,  v/hich  can  be  calculated  by  inserting  the 
average  vB  into  the  second  formula  above. 

24.  Provisions  have  also  been  Incorporated  in  the  tester 
to  modify  the  exponential  v;ave  form  applied  to  the  diode  in 
two  ways;  First,  a predetermined  bias  of  either  polarity, 
not  sufficient  to  break  down  the  diode,  can  be  applied  instan- 
taneously and  follov;ed  immediately  by  the  remaining  portion 
of  the  exponential  curve.  Second j this  same  bias  can  be 
app] ied  for  a predetermined  time  oefore  the  exponential  curve 
is  applied  to  the  diode.  The  magnitude  of  this  bias  is  var- 
iable o 
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25.  For  a :>rlef  s>.picinatlon  of  the  circuitry  of  the  DBVT 

refer  to  the  block  diagram,  Figi'.re  3*  ^^riode,  operated 

as  a cathode  fcllov.er,  is  biased  just  to  cut-off;  a voltmeter 
across  the  cathode  resistor  reads  y.ero'  and  the  voltage 
across  the  diode  is  also  zero.  Wien  the  oper£-.ting  sv/.ltches 
are  closed,  a 2D21  TViyratron  (Thyratror.  1)  fires  and  current 
begins  to  flow  through  a selected  resisbor  (R!  and  capacitor 
(C),  which  determine  the  time  constant = As  the  grid  of  the 
cathode  follower  becomes  more  positive  Cwhen  the  capacitor 
charges),  the  drop  across  the  cathode  resistor  follows  the 
voltage  on  the  grid,  which  in  turn  appears  across  the  test 
diode.  V/hen  the  voltage  reaches  the  critical  value,  the 
diode  fires.  The  positive  pulse  resulting  is  amplified  and 
appears  on  the  grid  of  Thyratron  (2)  (a  202].).  This  in  turn 
fires,  pulling  down  the  plate  potential  of  Thyratron  (1), 
thereby  extinguishing  the  applied  charging  voltage.  The 
capacitor  ceases  tc  charge  and  holds  a constant  potential 

on  the  grid  of  the  cathode  follower.  The  voltmeter  then 
indicates  the  breahiovm  voltage  of  the  iicde,  which  is  extin- 
guished by  ITiyratron  (2),  The  inherent  time  delay  is  about 
2 1/2  to  3 Microseconds r so  that  when  tie  gradient  is  about 
100  kilovolts  per  second,  an  error  of  aoout  0.3  volts  in  the 
breakdown  *voltage  reading  is  introduced, 

26.  It  was  first  desired  to  make  breakdown  voltage  tests  at 
tho  minlEiuin  voltage  gradient  of  the  TEVT  fcr  the  purpose  of 
comparing  results  from  this  tester  with  those  obtained  from 
the  Edison  Tester.  Thiis  gradient  is  8.6  volts  per  second, 
as  determined  by  tho  design  parameters  of  the  test  set.  It 
is  considered  close  sncugb  to  the  l4  volts  per  second  of  the 
Edison  Tester  to  give  a basis  fcr  comparlscn.  Ten  diodes  of 
each  type  were  tested  for  3.0  days  each,  with  the  storing  and 
handling  for  this  test  being  similar  to  thsi  for  the  previous 
tests,  The  data  was  subjected  to  -analysis  of  variance  as 
before;  and  it  was  found  that  the  variance  for  ar  individual 
diode  becomes  almost  negligible,  whereas  it  was  of  consider- 
able importance  for  Edison  Tester  vssvP.zs.  Th.is  raised  a 
question  of  the  validity  of  results  obtained  using  the  Edison 
Tes*-er.  This  data  is  summarized  and  compared  with  the  Edison 
Tester  results  in  Table  10. 

27.  tJcrae  of  the  figures  pressr.ted  in  Table  10  have  been 
tested  for  significant  dif.ferences  by  a variance  rablo  test. 

a.  The  variar-ce  a-atio  comparing  the  successive  breakdown 
variance  for  XD-IB  Diodes  with  the  Edison  Tester  for  either 
tests  A (first  10  cays)  or  B (second  10  days)  with  that  for 
the  DBVT  indicates  that  the  former  is  significantly  greater. 

b.  The  variance  ratio  comparing  the  res.idual  vai-iance 
for  XD-lB’s  with  the  Edison  Tester  with  that  for  the  DBVT 
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indicates  that  the  former  is  signiricantly  greater  * In  fact, 
if  one  adds  tha  snccessive  hreakdovT;  variance  to  the  residual 
variance  and  consid ars  the  sum  as  the  variance  of  an  indi- 
vidual diode,  it  is  seen  that  one  gets  a standard  deviation 
of  about  h 1/^2  volts  using  the  Edison  Tester j as  compared 
with  about  1 volt  for  the  DBVT. 


c.  The  variance  ratio  comparing  the  successive  break- 
down variance  for  XD-2B  Diodes  with  the  Edison  Tester  for 
test  B (second  10  days)  v;ith  that  for  the  DBVT  indicates  that 
the  former  is  significantly  greater.  This  Is  not  true  for 
test  A (second  10  days).  (The  5r  probabilitj’'  level  is  taken 
as  the  criterion  of  significance.) 

d.  The  relativelj/  high  value  of  the  between  diodes  vari- 
ance for  the  XD-2B  and  XD-3B  tests  jade  v;ith  the  DBVT  as 
compared  with  those  for  the  Edison  Tester  results  is  not  sig- 
nificant statistical-ly . It  should  te  noted  that  this  is 
derived  from  only  ten  diodes,  dravm  from  the  original  30 
tested  v/ith  the  Edison  Tester,  and  thus  the  possibility  of 
this  relatively  high  variance  occurring  raiidomly  is  indicated^ 

s.  The  relatively  high  value  of  the  successive  break- 
down voltage  variance  for  XD~3B’s  for  tests  made  w'jth  the 
DBVT  has  no  physical,  meaning,  since  the  breakdown  voltage  is 
only  read  to  the  nearest  vclt.  In  fact,,  in  each  case  for 
ICD-3B's  this  variance  should  be  comtlned  with  the  residual 
and  the  sum  considered  as  the  variance  for  an  (average)  indi- 
vidual diode. 


28,  The  ten  diodes  of  each  type  tested  with  the  DBVT  .for 
this  test  were  drawn  from  the  thirtj  which  had  been  subjected 
to  the  test  of  brea]:down  voltage  on  the  Edison  Tester,  The 
resiilts  on  the  Ihlroy  diodes  tested  in  both  testers  are  com- 
pared in  Table  11,  In  the  same  table  the  mean  breakdown 
voltages  for  individual  diodes  on  ohe  different  tester.s  are 
compared  to  see  if  they  are  significantly  different.  It  is 
seen  that  for  one  XD-IB,  four  XD-2B’s,  £,nd  seven  XD-3B‘s 
there  are  significant  differences  between  the  means  at  the 
5%  level  of  significance.  (If  differences  between  means  as 
large  as  those  observed  can  be  obtained  by  chance  alone  at 
least  5%  of  the  time,  then  the  difference  is  not  considered 
significant.  This  is  a con^only  used  criterion  in  the  appli- 
cation of  statistics  to  engineering  problems.)  In  almost  all 
these  cases,  however,  the  actual  nagnitiide  of  the  difference 
betv-.'een  the  mean  breakdown  voltages  is  very  small  and  is  not 
considered  to  be  of  practical  Importance. 


29 » The  mean  breakdown  voltage  for  each  tube  type  of  all 
the  diodes  measured  on  both  the  Edison  Tester  and  the  DBVT 
was  computed  and  Is  summarized  in  Table  llA.  It  is  seen 
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that  for  XD-lB‘s  and  XD-2B' : the  roesn  obtained  from  DBVT 
results  approximates  the  deiired  nominal  breakdovm  voltage 
better  than  the  mean  obtained  for  Edison  Tester  results. 

This  is  not  true  of  tho  XD-',B's,  where  ':he  mean  breakdown 
voltages  are  essentially  th-:-  same  in  alii  the  tests.  The 
reason  for  the  small  decrease  in  breakdown  voltage  (on  the 
XD-lB’s)  measured  on  the  DB/'T  may  be  tho  use  of  a smaller 
voltage  gradient,  as  will  bi  later  discussed.  Tn  the  Edison 
Tester  the  voltage  gradient  is  l4  volts  per  second.  In  the 
DBVT  the  circuit  pai ameters  ere  so  adjusted  as  to  give  volt- 
age gradients  of  B.t  volts  -jer  second  for  XD-lB's,  9.6  volts 
per  second  for  >'D-2B’s.  and  9*5  volts  per  second  for  XD-3B’s 
as  average  values  computed  'or  breakdown  voltages  of  100, 

150,  and  230,  respectively. 

30.  It  was  felt  that  the  large  variance  of  breakdown  volt- 
age of  individual  diodes  found  with  the  Edison  Tester  and 
not  found  with  the  I'BVT  migMc  be  due  to  the  70  volt  step 
which  appears  acrose  the  diode  instantan.eously  when  the  Edison 
Tester  is  used,  '.''o  investigate  this  the  DBVT  was  arranged 
such  that  a 70  volt  step  could  be  applied  initially,  as  in 
the  Edison  Tester,  end  then  the  voltage  across  the  diode  built 
up  at  the  seme  rate  as  in  paragraph  29.  The  same  group  of 
diodes  previously  tested  on  both  the  Edison  and  DBVT  (ten 
diodes  of  each  type)  was  broken  down  ten  times  each. 


31.  The  results  are 
in  an  analysis  of  va 
tests  (Table  12),  it 
be  responsible  fox’  t 
of  an  individual  rile 
this  tube  type, 
ance  for  an  indiviov 
DBVT  using  the  70  vc 
without  the  70  volt 
from  that  obtained  i 
urements  made  after- 
replaced  j.  This  is 
ance,  though  not  so 

P ^r\y%  4-V*.  - T\-0'irrV  ^ 

, f Q—  X cr  LilC  i^XJI  4.  4. 

than  for  any  of  the 
this  is  not  apparej*L 
unlike  the  XD-lB's, 
of  no  consequence, 
value  of  CTj2  is  not 
observed  values  of  < 
smaller  than  for  the 
cantly  smaller  than 
step.  This  leads  to 
to  a very  important 
step  makes  in  test  r 


interesting  for  two  reasons:  First, 

riance  carried  out  as  in  the  previous 
appears  that  the  70  volt  step  may  indeed 
he  large  variance  for  breakdown  voltage 
de  previously  observed  for  XD-13's,  For 
, the  "within  dess"  variance,  or  vari- 
al  (avex’ege)  dlocie,  for  the  test  on  the 
It  step  is  significantly  larger  than  (T 
step,  but  hot  significantly  different 
n Edison  Tester  results  (in  the  ten  meas- 
Ibe  nel'Tot  of  the  Edison  Tester  had  been 
also  true  for  CJ  the  residual  vari- 
distlnci;ly.  For  XD-2B-3  both  CTjS  and 
suits  with  the  70  volt  step  are  smaller 
srevlous  tests.  The  explanation  for 


_ _ _ *}  _ 

xor  • b , 


, uuu  XI,  may  wcj.j.  ue  uaa  l 

the  appj.ication  of  the  70  volt  step  Is 
This  is  indicated  by  the  fact  that  this 
sienif j.cantly  smaller  than  the  other 
-'1^5  anc  that  CTc^>  though  significantly 
Edison  Tester  results,  is  not  signlfi- 
for  the  DBVT  results  wxthout  the  7O  volt 
the  belief  that,  perhaps,  in  addition 
j’efinement  the  elimination  of  the  70  volt 
esults,  there  is  an  additional  refinement, 
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much  less  important,  which  mifjht  be  due  to  the  Improvement 
In  the  method  of  voltage  application.  That  is,  for  the 
Edison  Tester  the  voi  tage  application  is  cOlitrollsd  by  a 
physically  moving  contact  on  a helipot , while  for  the  DBVT 
the  voltage  application  is  controlled  by  build-up  of  elec- 
tronic charge  on  a condenser,  A retest  on  the  Edison  Tester 
was  run  several  times  to  check  vhe oher  any  tube  stabiliza- 
tion had  occurred  over  the  test  period.  It  was  found  that 
the  variances  for  individual  diodes  were  large,  as  before, 
so  that  stabilization  is  not  a cause  of  the  smaller  vari- 
ances for  individual  diodes  observed  isith  the  DBVT. 


32.  The  second  interesting  result  obtained  for  the  D3VT 
tests  with  the  70  volt  steu  was  observed  for  ]CD-3B*s.  From 
the  10  readings  of  breakdo'.m  -voltage  cbtsined  for  several 


of 


the  diodes,  there 
breakdown  voltage 


appeared  to  be  two  preferred  values  of 
differing  by  as  much  as  20  volts , about 
which  the  breakdow.  voltage  clustered.  Tnap  is,  a bi -modal 
type  of  distribution  of  breakdovm  voltage  was  observed. 

Now,  referring  to  th<=>  tun  ir>odes  as  the  higher  mode  (corres- 


ponding to  the 
(corresponding 
ing  facts  were 


larger  breakdown  vol'cage)  and  the  Iswer  mode 


to  the 
noted: 


lov/er  breakcovn  voltage! 


a.  Five  out  of  the  ten  XD~3B’s  thus  tested  e::hlbited  a 
bi-modalism  for  the  breakdown  voltage. 

b.  The  higher  mode  can  be  coiisldered  as  the  "normal" 
mode  of  breakdown.  i,p,,  the  higher  mode  is  the  one  which 
corresponds  to  breakdov.n  voltage  results  noted  in  previous 
tests. 

c.  On  any  given  day  of  test,  all  the  diodes  exiiiblting 
this  bi-modal  effect  break  down  vrith  the  higher  mode  of  break- 
down voltage  or  all  with  the  lov/er  moce  of  breakdown  voltage, 
but  not  some  with  the  higher  and  some  vrith  the  lower. 


d.  The  lower  or  "abnormal"  c.cde  c 
a true  breakdcwji  o.t  the  diode.  That  3 
si.ble  that  Uie  DBVT  could  record  a bre 
leakage  current  v;ere  being  passed  by  the  diode. 


breakdown  voltage  is 
it  was  felt  pos- 

very  high 
This  was 


kdown  if 


noo  verified  ty  checking. 


n,.. 


Test  Set  XR-27A  was  used  in  the  Icakag 
"abnormal"  mode  of  breakdown  could  be 
breakdown.  Furthermore,  on  a day  when 
of  breakdown  could  be  obsei’ved  with  th 
observed  with  the  leakage  current  tast 
On  days  when  the  "normal"  mode  was  obr. 
only  the  "normal"  mode  was  observed  us 


rV  4- T»*^  Tr>  If 

^ ^ ^ A A A 

e current  test,  the 
observed  as  a true 
the  "abnormal"  mode 
e DBVT,  it  could  be 
of  the  Test  Set  XR-27A-. 
erved  with  the  DBVT.. 
the  XR-27A. 


■?  to  fT 


No  good  explanation  of  this  bi-.modal  effect  has  been 
verified  to  date.  Recently,  research  being  conducted  at 


1? 


the 


CONFIDENTIAL 
SECUEITf  INFORMATION 


v..Oi 

'MVORl-'  Report  2'/S^\- 

General  Electric  Lamp  Development  Latoratory  has  indicated 
that  Che  condition  of  the  c:lectron  emitting  coating  on  the 
electrodes  of  the  diode  is  a critical  f ictcr  in  determining 
breakdown  voltage,  and  thei-e  Is  a .’i-rth^r  indication  that  the 
condition  is  inherently  tmj' table.  Tnis  may,  in  time,  fur- 
nish an  explanation  of  the  bl-mcda;.  affect  as  well  as  other 
heretofore  •unexplained  effects. 


33 • The  mean  breakdown  vojtages  for  individual  XD-IB  Diodes 
as  measured  with  the  70  voJ t step  initially  applied  on  the 
DBVT  are  compared  with  those  obtained  witheut  any  voltage 
step  in  Table  I3.  it  can  be  seen  'Ihat  for  all  nine  diodes 
the  mean  breakdown  -voltage  is  signif ;Lcant?.y  smaller  when 
measured  with  the  70  volt  step, 

3^0  It  can  easily  be  showr  that  when  tiiC  voltage  step 
initially  applied  to  the  diode  is  not  sufficient  in  i-tself 
to  break  down  the  dlodo,  tie  voltage  gradient  at  the  instant 
of  tube  breakdo’-m  is  independent  of  the  magnitude  of  the 
initial  voltage  step.  Consider  a simplt;  circuit  consisting 
of  a battery  with  voltage  a resistaiice  H,  and  a con- 
denser C (across  which  the  diode  Ir  placed),  v/ith  a series 
switch.  Initially  the  switch  Is  open  arid  a voltage  Eq  is 
across  the  condenser.  'The  general  formula  for  the  voltage 
across  the  diode  (condenser)  as  a function  of  time  after  the 
switch  is  closed  is: 

0c  = Eoe-'t'^-  + Eb(l  - e*''^/-’^)  (1) 


where  ec  “ the  instantaneous  voltage  across  the 
condenser  at  tire  t 


ec  Eb  f (E-o  - Eo)9“'VRG 

Solving  for 

o-t/RC  ..  Eb  -..e.c 
'■  Eb  - Eo 


(la) 


(2) 


Now,  if  eg  = breakdown  voltage  of  diode, 
6]3  we  get 


e 


t/RC  *I 

J 'Sc^eB 


- Eb  - eB 
■ Eb  - Ec 


when  Oc  reaches 


(3) 


The  voltage  gradient  can  be  found  by  differentiating  equation 
(la)  with  respect  to  time: 

<^ec  - Eb  - Sq  ^-b/RC 
dt  " HC‘ 

and  when  ec  = substituting  the  result  of  equation  (3) : 


nOK::- IDENTIAI. 
3ECTJHTT'-:  QT; 
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dec  Eb  - Eq  e-t/RC  j 

dt  . Qc~®B  - ^0“^3 

Eb  - Eq  Eb  - eg\  _ Eb  - 
RC:  \^Eb  - fcoj  'rC 

The  result  is  indepandent  of  E©,  the  magnitude  of  tue 
step. 


(5) 


Initial 


35.  Thus  It  is  see.1  that  the  gradient  at  the  instant  of 
breakdown  depends  oa  es,  the  breakdown  voltage  alone,  and 
the  fixed  parameters  Eb.  R,  and  C,  and  not  on  E©.  It  follows 
that  the  gradient  is  the  same  whether  the  70  volt  step  is 
applied  initially  or  not,  and  thus  difference  in  mean  break- 
down voltage  for  the  tv.'o  tests  performed  with  the  D3VT  is 
not  due  to  any  chants  in  gradient. 


36.  Experiments  conducted  at  the  General  Electric  Lamp 
Development  Laboratory  in  Cleveland,  Ohio  have  unco/ered 
Instances  of  diodes  breaking  down  at  an  abnormally  low  volt- 
age when  a sudden  voltage  step  is  applied.  The  reason  for 
this  has  not  yet  been  satisfactorily  explained,  bi;t  it 
appears  that  this  is  a manifestation  of  the  sane  phenomenon 
which  causes  the  diodes  to  break  down  at  a lower  vo.ltage 
when  a 70  volt  step  is  initially  applied.  It  nay  ba  that 
the  application  of  an  instantaneous  voltage  suddenly  accel- 
erates a large  number  of  electrons  either  in  space  (the  pri- 
mary ionization)  or  from  the  emitting  surface  of  the  cathode 
and  causes  a high  degree  of  ionization  by  cascade  multipli- 
cation, giving  rise  to  reduced  breakdovm  voltage.  It  any 
rate,  the  evidence  seems  to  lead  to  the  conclusion  chat  the 
Edison  Tester,  using  a 70  volt  step,  gives  erratic  results. 


37.  In  the  Edison  Tester,  although  there  is  an  ini cial  volt- 
age step  of  70  volt 3,  there  is  the  additional  factor  of  a 
voltage  gradient  slightly  higher  than  that  which  is  encoun- 
tered with  the  DflVT.  It  is  a combination  of  these  "actors 
(the  voltage  step  v/hich  decreases  the  breakdo\m  vol:age  and 
the  increased  gradient  which  increases  it)  that  may  give 
rise  to  a slightly  higher  breakdown  voltage  on  measurements 
made  with  the  Edison  Tester. 

38.  In  early  tests  on  breakdovm  voltage  made  on  thj  Edison 
Tester,  when  individual  diodes  were  exhibiting  largj  vari- 
ances in  tests  of  rspeated  breakdowns,  it  was  felt  chat  the 
interval  of  waiting  between  successive  breakdowns  was  a 
critical  factor  in  deterniin’’r.g  the  breakdoxm  voltag:».  It 
was  not  possible  to  verify  this,  hov/ever,  because  t ie  indi- 
vidual readings  for  a given  diode  had  such  a large  scatter. 
With  the  DBVT  consistent  measurements  could  be  made  on  indi- 
vidual diodes,  with  very  little  scatter.  In  fact,  as  the 
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data  of  Table  11  shxv/o  for  the  XD-lB's,  there  is  almost  no 
scatter  introduced  oy  instrimentation  or  experimental  method. 
Therefore  a test  wa.^  sat  up  using  the  D3VT  and  measuring 
breakdown  voltage  oi  successive  tests,  with  tlDie  intervals 
between  successive  breakdovms  varying  from  sc=;veral  minutes 
to  several  hours,  aid  comparing  the  resulting  scatter  with 
that  obtained  v'hen  the  intervals  between  successive  break- 
downs vjere  of  the  o *dsr  of  days,  Tlie  results  show  that  when  j 

using  the  DBVT  with  no  voltage  step  applied,  successive  j 

measurements  taken  yith  intervals  of  two  hours  have  the  very  ! 

small  scatter  which  is  found  using  intervals  of  several  days,  i 

If  Intervals  of  bet /een  15  minutes  and  2 hours  are  used,  i 

measurements  exhibit  increased  random  scatter.  If  measure- 
ments are  made  witli  intervals  of  much  less  than  15  minutes,  ■ 

e,g,,  5 minutes  or  LO  minutes,  the  successive  breakdown 
voltages  measured  tend  to  diminish  and  reach  a sort  of  sta-  s 

bilization  and,  consequently,  have  very  little  scatter,  | 

although  giving  too  low  a value  for  breakdovm  voltage,  1 


Shielded  Diodes  ! 

t 

i 

39.  The  General  Electric  Company  furnished  hOL  with  samples  | 

of  XD-15  Diodes,  v/hich  are  coated  with  a conducting  shield  ! 

which  almost  completely  covers  the  entire  glass  body  of  j 

the  diode  and  physically  touches  one  of  the  electrodes.  !• 

One  group  of  10  dioies  (Group  1)  was  originally  manufactured  j 

in  the  fall  of  1950  and  was  rejected  on  breakdown  voltage  j 

tests  at  the  factory  because  the  breakdo\m  voltage  was  too  | 

high.  The  shielding  process  was  added  at  a later  date  for  1 

the  experimental  tests,  A second  group  of  9 diodes  (Group  2)  I 

was  manufactured  in  the  fall  of  1951  using  a different 
exhaust  machine  to  evacuate  the  diode  envelopes  and  was  also  | 

rejected  because  of  too  high  a breakdovn  voltage,  Another  | 

group  of  10  diodes  (Group  3)  was  manufactured  in  the  Spring  | 

of  1952  using  a nav'  exhaust  machine.  Kncli  of  these  29  i 

diodes  was  broken  down  ten  times  each,  using  the  Edison  I 

Tester,  first  with  ihe  shield  positive  and  then  with  the  j 

shield  negative  (ten  measurements  each  way).  The  results,  I 

l.e.,  the  luodii  brea;:down  voltage  and  the  standard  deviation  | 

for  each  Individual  diode,  are  given  in  Table  iM-.  There  are  | 

tv/o  outstanding  res- 'Its  obvious  from  tlio  data:  •, 


i 


a.  The  standard  deviations  for  successive  breeldown 
voltages  is  very  smfill  in  every  case  except  one  (Group  1, 
Diode  2,  shield  negative),  being  almost  negligible  in  com- 
parison with  those  obtained  for  unshielded  diodes  when 
tested  on  the  Ediso  1 Tester. 

b.  The  breakdown  voltage  readings  with  the  shield  nega- 
tive are  above  the  specification  limits  (92-108  volt.s),  and 


I 


I 

3 

I 
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with  t?tie  shield  positive  the  readings  are  mostly  within 
specification  limits  bat  are  all  very  low.  The  Gen<Hral 
Electric  Company  is  unable  to  manufecture  XD-IE  Diof-es  which 
have  a breakdown  voltags  low  enough  to  be  \rithin  sp'.  clfica- 
tions  when  the  shield  is  negative.  On  the  other  har.d,  MOL 
cannot  use  diodes  -uith  positive  shields  i;.i  the  XR-8  Fuze 
because  of  the  protlem  of  insulating  the  shield  from  the 
fuze  body,  which  is  normally  at  ground  potential,  i.t 
present,  space  limilatlons  prohibit  including  the  sl.ield 
because  the  diode  diameter  Is  too  large  to  allow  spi.ce  for 
it  and  the  requii’ed.  insulation. 


Short-Short  Diodes 

4o.  Tile  General  Electric  Company  also  furnished  KO.b  with 
fifty  experimental  ciodes  compare sle  to  the  XD-IB  type  but 
with  shorter  body  i(;ngths  and  shorter  electrodes  than  the 
XD-IB  Diodes  heretoJ’ore  developed  for  use  in  the  XR--8  Jisze. 
These  diodes  are  herein  referred,  to  as  short-shorts.  The 
primary  physical  difference  between  the  short-shorts  and  the 
conventional  length  aides  is  that  the  short-shorts  have, 
in  addition  to  shor!:er  electrodes,  a 3/16”  radlum-ercited 
phosphor  band  (the  iddest  size  which  can  be  used  on  the 
short  body) , whereas  the  conventional  diodes  have  a.  1/4" 
radium-excited  band  of  the  same  relative  efficiency  Tests 
of  energy  transfer  and  breakdown  voltage  have  been  conducted 
on  the  short-shorts , 

4-1,  For  the  energy  trau&fer  tests  40  shoi-t-short  d;.odes 
were  broken  down  5 times  each  at  12C  volts  and  130  ''olts  so 
that  200  readings  were  available  at  each  applied  voi.tage. 

The  equipment  used  was  the  Test  Set  XR-27A,  and  the  time 
required  to  charge  a 0,1  microfarad  condenser  in  series  with 
a diode  and  a 750  chin  resistor  to  4-5  volts  was  measr.rsd  by 
means  of  a Potter  Chronograph.  The  data  thus  obtained  is 
given  graphically  In  Figures  20  and  21  in  the  form  of  charge 
time  versus  percent  passing  and  compared  with  the  dr.ta 
obtained  for  the  ccnventicnal  diodes,  plotted  on  thi;  same 
figures , 

4-2.  The  following  'uwo  cases  are  considered  separat'fly  as 
rejects ; 

a,  V/b.en  the  vcltage  applied  is  130  volts,  the  Measure- 
ment is  considered  a reject  unless  the  condenser  charges  to 
45  volts  within  50C  microseconds.  This  coj'responds  approxi- 
mately to  coiiditiora  established  by  existing  specif;  cations 
(reference  (b)), 

b.  When  the  vcltage  applied  is  120  volts,  the  ;-eading 
is  considered  a rejaect  unless  the  condenser  charges  tc  45 
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/olts  within  1000  rcicroseconds.  Thlr  corj  osponds  rc'Ughly  to 
the  lower  limit  referred  to  in  paragraph  20. 

43.  The  graphs  she'.:  the  following  .reject  rate  (approxi- 
mately) s 


Reject  Pats 
Case  (a)* 


He.ject  Rate 
Cr.se  (b)** 


Conventional  Length  lo5%  1% 

Short-Shorts  16.  6% 


+ 130  volts  applied' , 500  microsecond  limit 

*♦  120  volts  applied,  1000  microsecond  limit 

44.  Ten  each  of  the  short-shorts  and  conventional  ciodes 
were  set  aside  and  altered  hy  removing  part  of  the  jjhosphor 
bands  on  each.  Orig.inally  the  phosphor  band  on  the  short- 
sherts  was  3/16"  v;ic  a,  whixe  that  on  the  conventional  tubes 
was  1/4"  wide.  The  bands  on  both  types  were  cut  doi.n  to 
1/8".  If  a half-life  of  20  years  is  assumed  for  the  radium 
which  activates  the  phosphor,  from  the  vle^fpcint  of  radio- 
activity alone  the  ; educed  bano  width  represents  a j;helf  time 
of  20  years  for  the  con'/entionai  diodes  and  about  11.8  years 
for  the  short-shorts . 


45.  The  ten  diodes  of  each  kind  were  broken  down  5 times 
each,  and  the  data  is  plotted  in  Figure  22  on  the  bt  sis  of 
50  readings  for  each  curve.  An  interesting  feature  of  this 
graph  is  that  the  tv/o  curves  are  fairly  close  to  orj-  another, 
indicating  that  the  band  width  is  the  factor  which  ; nf luences 
charge  time  most,  rather  than  the  electrode  length.  The  amount 
of  data  available  is  actually  too  small  to  make  the  results 
conclusive.  The  reject  rate  under  the  existing  spe( if Ica- 
tlons  is  too  high  tc-  be  shown  on  Figure  22.,  but  unde  r the  lower 
limit  of  paragraph  20  (1  millisecond  charging  pulse  at  120 
volts)  the  reject  rs.te  is  about  4 1/2  percent  for  the  con- 
ventional diodes  arc  about  6 1/2  percent  :;'or  the  si-.ort-shorts , 
which  is  rot  considered  prohibitive. 

46-  The  breakdowi  'coltage  of  the  short- short  diodef:  was 
mea.sured  on  the  ORV  i using  approximately  a 10  volt  j er  second 
gradient.  For  the  -0  short-shorts  tested,  the  mean  break- 
down voltage  is  102,3  volts  and  the  standard  deviation  is 
about  2.7  volts.  Thus,  about  97^  of  such  r.hort-shoj'ts  would 
be  expected  to  fall  within  the  breakdov.'n  voltage  sp«  cification 
limits  on  XD-lB*s,  hetv/een  92  and  IO8  volts.  The  distribu- 
tion for  the  10  shoit-shorts  with  the  band  reduced  io  1/8" 
is  essentially  the  same. 

47.  From  these  results  it  is  seen  that  tlie  short-short 
diodes  are  acceptable  with  regard  to  breakdown  voltage 
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specif ications  but  fail  existing  charge  time  specifications 
and  also  fail  the  1 millisecond,  20^  o\’'ervoitage  limit. 
Also,  given  groups  of  short-shorts  and  conventional  diodes 
have  a lo\;er  reject  rate  with  a 1 millisecond,  20^  over- 
voltage charging  pulse  than  under  existing  specif ications „ 


Effect  of  Volt£.ge-Time  Gradient  on  Breakdovm  Voltage 

V6o  The  DSVT  was  used  to  measure  the  effect  on  the  break- 
dovm  voltage  of  vaiying  the  voltage-time  gradient  for  the 
applied  voltage,  lasts  vrere  made  on  twenty  diodes  of  each 
type  (conventional  length).  The  circuit  parameters  of  the 
DBVT  were  so  adjusted  as  to  provide  the  following  gradients 
at  the  indicated  values  of  breakdovm  voltage.  (As  has  been 
pointed  out,  the  gx adient  depends  on  the  breakdown  vcltage 
and  can  be  computer  from  the  following  relatiojiship? 

^1  = ^A  - Vb 

dt  I Tr  Tr  H,'; 


where 

value 

V3  = approxii.' -ite  breakdown 
of  applied  voltage,  and  RC 

voltage,  Va  = asymototic 
= circui't  time  constant.) 

Tube 

Typ,^ 

Vb 

Vfe  - Vb 

XD-ifi 

XD-2B 

XD-3B 

100  volts 
150  volts 
230  volts 

=36  volts 
96  volts 
95  volts 

8*6  V/sec > 8.6 

9.6  7/sec 9x6 

9.5  V/sec T..  9.5 

X lOr^  V/sec 
X 107  V/sec 
X 10*^  Y/sec 

Each  cf  the  twenty  diodes  was  tested  at  five  different  volt- 
age gradients,  eacli  test  (at  a given  giadient)  consisting  cf 
five  measurements  of  breakdown  voltage. 

49,  It  w'as  noted  t:iat  the  high  degree  of  reproducibility 
which  was  previously  obtained  using  the  smallest  voltage 
gradients  is  not  obtained  when  using  •'he  higher  voltage  gra- 
dients; however,  ei.ough  reproducibility  is  obtained  so  that 
comparison  of  breakdown  voltage  as  a fimction  of  vcltage 
can  be  made  In  mosi  cases.  This  is  dene  by  taking  the  mean 
breakdown  voltage  at  a given  gradient  and  comparing  it  with 
the  mean  brealcdo'w'n  "k-oltage  at  the  gradient  v^hich  dii’fers  by 
a factor  of  10,  aising  Btedent's  t-test.  This  test  considers 
the  relative  importance  cf  difference  in  means  with  respect 
to  the  variance  in  the  measurements  used  to  compute  each  of 
the  means  and  tells  the  probability  of  obtaining  such  a 
difference  in  means  by  chance  alone, 

50.  The  results  obtained  are  summarized  in  Tables  15,  16 
and  17.  'The  mean  values  of  breakdown  voltage  for  different 
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voltage  gradients  ere  tabulated  in  these  tables.  Olie  results 
of  applying  the  t-test  are  also  shovnij  whan  the  mean  break- 
down voltage  of  an  individual  diode  at  a given  gradient  is 
compared  with  mean  hreakdovm  voltage  of  the  same  di >de  when 
tested  with  the  gradients  v/hich  differ  by  a factor  of  10 
(higher  and  lower) . The  10^  probability  level  is  used  as 
the  level  of  significance j i.e.,  the  means  are  considered 
different  only  if  liters  is  less  than  a lO;^  chance  of  obtain- 
ing such  a difference  by  chance  alone. 


51,  The  tables  shew  that  there  is  (in  general)  an  Increase 
in  breakdown  voltage  with  an  increase  in  voltage  gradient. 
There  is  apparently  no  simple  relationsliip  betv;een  the  break- 
down voltage  and  the  voltage  gradient.  Individual  iiodes 
behave  differently  from  one  another  in  this  respect,  A 
report  of  the  Royal  Aircraft  Establishirent  (rGferen  :e  (d) ) 
discusses  the  problem  of  breakdown  x’oltage  as  a function  of 
gradient.  Investigations  at  the  Royal  Aircraft  Est-iblishment 
carried  out  on  the  British  CV.91  cold  CHt.'iode  dioce  x‘esulted 
in  a relation  of  this  form; 


7b  - Vp 


where  Va 


breakdove'-  voltaic  measured 


Vf)  " a Constant  which  is  a property  of  the  iniivlduai 
diode.  It  is  not  the  static  measured  breakdown 
voltage  but  is  a value  obtained  by  extrapolation 
of  a curve  of  the  data. 


B " a general  constant  which  applies  faJ.rly  ilosely 
to  all  fne  CV.91  diodes  nieasured 

- voltage  :;radient  at  the  instant  of  breakiov/n 

\dt/v=VB 


The  report  sta  t53  v.f  ia,t  the  reason 
are  obtained  with  larger  gradients  is  t 
of  the  discharge  causes  the  applied  vol 
value  at  faster  rates  of  rise  before  bi 
This  statement  bears  seme  examination 
is  imiplied  that  the  formation  time  of  t. 
breakdov/n  time,  is  fairly  long.  Physic 
the  time  lag  from  the  instant  at  vxhlch 
enough  to  give  rise  to  secondary  emlssi 
enough  level  so  that  the  discharge  is  s 
the  instant  when  tha  electron  current  r 
value  to  be  record'-ct  as  a.  breakdown,  K 
in  voltage  gradient  gives  rise  to  a mea 
breakdown  voltage,  then  the  brealedewn  t 


breakdown  'oltages 
Pat  the  formation  time 
tage  to  reach  a higher 
cakdouvi  is  observed. 

If  this  Is  Irue,  it 
he  discharge , or  the 
ally,  this  time  is 
the  voltage  ls  high 
on  processes  at  a high 
elf -sustain! ig,  until 
eacbes  a hig-i  enough 
ow,  if  a difference 
curable  diff  jrence  in 
iir.e  must  be  rather 
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long.  A :.'elationshlp  of  the  following  type  would  be  indi- 
cated: 


= Vbi  - V]32 


vhire  / = bv*eakdovn:i  time,  or  formation  time 
Vg  = breakdown  voltage 


voltage  gradient 


and  siibscripts  1 and  2 denote  different 
operating  points  (corresponding  to  differ- 
ent gradJants) 


52,  From  this  relation  it  can  be  seei.  that  if  7^  ^s  of  the 
order  of  .'.CO  microseconds,  and  ff— - f— ) 1 is  about  lo3 

L\tt/i  Vdt/2J 

volts  per  second,  such  as  (103  volts/sec  - 10  volts/sec), 
then  (VB]  - VB2)  is  about  0,1  volt,  which  could  hardly  be 
detected  v;ith  the  measuring  scheme  used.  Only  if  the  break- 

were  longer ^cou Id  the  voltage  difference  be  detected, 


A r*«» 


or  when 


larger  than  1q3  volts  per  second, 


<.  .dt/i 
10^  --olts 


\dt/2 


fT»». 

Xiiti 


us: 


4- 


per  second  and 

gradients  as  high  as  10^  volts 


oritisn  wors  was 
high  as  10^  volts  per  second.  Also 
diode  does  not  use  a radium  excited  phosphor  band 
e of  energy  for  primary  ionization.  Instead,  one 
radium  bromide  is  introduced  into  the  gas  mixture 
and  the  natural  radioactivity  is  converted  to 


say, 
done 

the  CV.9I 
as  a sour- 
microgram  of 
of  the  diode 

primary  Ionization,  probably  by  collision  processes.  It  is 
probable,  based  on  test  results  obtained  in  the  United  States, 
that  the  level  of  primary  ionizati  on  s lower  in  the  CV.9I 
diodes  than  in  the  General  Electric  cold  cathode  diodes.  We 
might  assume  then  that  the  breakdown  time  will  be  longer  in 
the  CV.91  so  that  the  above  relation  between  breakdown  time, 
gradient,  and  breakdown  voltage  might  hold. 


53,  If  one  tries  to  apply  this  type  of  formula,  however,  to 
the  experimental  v/ork  herein  described,  there  is  a failvire  on 
the  follo^./lng  points: 

a.  The  breakdovm  time  i f)  of  the  diodes  is  of  the  order 
of  5 X 10"5  seconds. 


b.  Tile  voltage  gradients  used  to  take  the  measurements 
range  fron  about  10  volts  per  second  to  about  10?  volts  per 
second,  and  there  is  a significant  increase  in  breakdown 
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voltage  of  the  order  of  2 volts  with  a change  in  gradient 
from,  say,  10  volts  per  second  to  lo3  volts  per  second. 


These  points  are  not  compatible  with  the  relation 
VBl  - vs,  = ^ ) j 

= 5 X 10-5  [io3  - lo]  ^ .05  volts 

Thus  there  must  be  some  more  basic  reason  why  one  cbtaixis  a 
measurable  Increase  in  breakdown  voltage  with  increase  in 
gradient.  Actually  the  British  used  gradients  as  high  as 
lOo  volts  per  second  and  found  that,  at  gradients  of  lo5 
volts  per  second  (the  upper  limit  used  in  this  work)  or  below 
the  empirical  relation  reported  does  not  hold  too  well. 


54.  As  stated  above,  there  must  be  some  fundamental  reason 
why  we  get  an  Increase  in  breakdcn  voltage  for  increases  in 
voltage  gradients  which  are  relatively  small.  One  interest- 
ing possibility  is  the  condition  of  the  cathode  surface. 

The  electrodes  are  covered  with  a thin  bcundary  layer  of  a 
substance  which,  though  it  has  a low  work  function,  may  be 
a dielectric.  The  most  important  mechanism  which  promul- 
gates the  avalanche  of  current  in  the  Townsend  region  is 
probably  the  secondary  emission,  which  is  caused  by  bombard- 
ment of  the  cathode  with  positive  ions  caused  in  th-3  gas  by 
collision  (reference  (f)).  Some  recent  literature  (refer- 
ence (g))  indicates  that  when  the  positive  ions  strike  the 
front  surface  of  the  dielectric,  a positive  charge  is  built 
up  there  on  the  front  surface,  which  increases  because  the 
ions  knock  out  secondary  electrons  which  are  emitted  and 
give  rise  to  other  ions  on  the  surface.  This  builds  up  a 
field  across  the  dielectric  layer.  Nov,  as  more  3cns  bombard 
the  cathode,  they  may  penetrate  the  outer  surface  tacause  of 
the  porosity  of  the  dielectric  layer  and  give  rise  to  sec- 
ondary electrons  by  a collision  transfer  process.  These 
secondary  electrons  are  accelerated  under  the  influ snee  of 
the  additional  field  in  the  dielectric  toward  the  front  sur- 
face of  the  electrode  and  acquire  enough  momentum  to  cause 
further  emission  by  collision.  There  is  then  a typs  of 
cascade  process  in  the  dielectric  film  which  is  similar  in 
nature  to  the  Townsend  avalanche  which  occurs  In  tks  gas 
itself. 


55«  If  may  be  possible  to  consider  the  effect  of  varying 
voltage  gradient  in  the  following  way;  Vvhen  a small  voltage- 
time  gradient  is  used,  we  may  have  the  additional  help  of  a 
field  set  up  in  the  dielectric  layer  on  the  cathode  and  have 
the  breakdown  voltage  reduced  because  of  the  help  which  the 
current  gets  from  secondary  ionization  processes  ir  the 
dielectric  film.  When  the  gradient  gets  much  higher,  however 
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the  voltage  across  the  diode  reaches  the  normal  brsfkdcwn 
voltage  value  beforo  jnaii3''  positi\*e  ions  roach  the  cathode. 
That  is 5 the  time  required  i'or  the  appljed  voltage  to  reach 
the  (ijormal)  breekdov/n  x'^oltage  of  tlie  diode  is  less  than  that 
required  for  all  but  the  closest  positive  ions  to  r;ach  the 
cathode,  so  there  is  no  field  in  the  dielectric  lay^r  to  aid 
in  lowering  breakdov'n  voltage, 

56.  It  nrust  be  empViasized  that  the  remarks  in  paragraphs  5^ 
and  55  Sire  to  be  considered  as  con^jecture  only,  vitt.  no  real 
experimental  verification.  The  transit  time  of  a pcsitive 
ion  Is  computed  very  ro'ughly  in  Appendix  I and  is  oi  the 
order  of  10“"'  seconds  for  the  conditions  chosen.  Tris  is 
not  considered  too  far  out  of  line  to  fit  in  with  a theory 
such  as  is  set  forth  in  paragraphs  5^A  and  55. 


CONCLUSlOns 

57.  The  following  conclusions  naj-  ba  reached  as  a result 
of  the  foregoing  studios: 

a.  The  General  Eje^'tric  diodes  manufactured  ixi  pilot 
lot  quantity  and  furnished  to  the  Naval  Ordnance  Plc.nt, 

Macon,  Georgia  for  use  in  the  XR-8  Fuze  will,  in  general, 
meet  the  existing  diode  specifications  for  breakdo’.ir::  voltage. 
Although  there  was  considerable  doubt  on  this  point  v/hen 
cests  vrere  being  co>'iv.cced  on  the  Edison  Tester,  tests  made 
on  the  DEVT  ha\*9  substantiated  the  findings  at  the  General 
Electric  Company  Lamp  Development  Laboratory  in  Cleveland, 
Ohio  and  at  the  Naval  Ordnance  Plant,  Macon,  Oeorgi-t  This 
is  illustrated  most  clearly  In  Table  11,  An  important  cor- 
ollary of  this  conclusion  is  that  the  Edison  Tester  is  no 
longer  considered  reliable  for  testing  XD-IB  Diodes. 


b. 

energy^ 
when  £ 
reject 
iiominal 
and  10^5 

T f*  . r I n\j7 
- 7 

(which 
is  B.  ne 


The  diodes  ueet  the  existing  specifications  on 
transfer,  or  charge  time,  as  indicated  in  Table  8, 
nominal  30%  overvoltage  is  applied  . v/ith  a vary  small 
rate.  ’«hen  the  applied  overvoltage  is  dropped  to  a 
value  oi  20.V,  the  reject  race  rises  uo  betvvaen  5/^ 
taking  the  specification  litait  o;"  500  micrc seconds ^ 
the  tij  f a''''ail?.ble  is  taker,  as  1000  microseconds 
xt  is  felt  I'i'.y  be  adopted),  at  20%  overvoltage  there 
gllgiblj’’  small  roject  rate. 


" • — y 


c.  The  br-eakdovn  time  of  the  diodes  is  satisfactorily 
short,  on  the  average  approximately  pO  microseconds . The 
dynamic  tube  drop  o -er  the  range  of  time-  required  fer  charg- 
ing the  condenser  i a the  XH-8  Fuze  is  unexpectedly  high, 
being  much  closer  to  the  breakdown  voltage  of  the  diodes 
than  the  maintaining  voltage,  but  it  Is  not  high  encugh  to 
render  the  fuze  circuic  inoperative. 
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d.  T3)e  }>rna2ilc  Breakdo'^  Voltage  Tester  has  proved 
Itself  in  actual  use  to  bo  far  superior  to  the  Edison  Tester 
with  regard  to  reprodticibility  of  rreasuren:ents.  Using  this 
tester,  it  has  bear  determined  that  a tiira  interval  of  the 
order  of  two  hours  between  successive  breakdowns  is  suffi- 
cient to  allow  reproducible  neasurenents. 

e.  Self -shielded  diodes  have  excellent  reproducibility 
or  breakdown  voltage  measurements,  oven  on  the  Edison  Tester, 
making  them  a very  superior  modification  for  application  in 
precision  timing  circuits.  Insulation  problems_^in  the  fuse 
assembly,  hov/ever,  prevent  their  use  in  the  XR-8  Fuse.  In 
fact,  such  a high  order  of  precision  is  not  required  in  this 
applicationo 

f.  The  short-body,  short-electrode  versions  of  the  Gen- 
eral Electric  diode,  which  are  desirable  for  high  accelera- 
tion applications,  meet  the  existing  specifications  for 
breakdown  voltage  but  fail  the  energy  transfer  specifica- 
tions, probably  because  the  body  length  is  too  short  to 
carry  a full  1/^  inch  radium-phosphor  band. 

g.  Tile  brealidiv.rn  voltage  increciset  ever  a fairly  large 
range  ’rhen  the  rate  of  voltage  application  increases.  This, 
however,  is  not  to  be  confused  with  applying  a step  potential 
at  some  voltage  just  sufficient  to  break  down  the  diode-  as 
is  the  case  in  acceptance  testing  (reference  (b)).  In  the 
latter  case  the  potential  is  maintained  at  this  fixsd  volt- 
age for  an  Interval  which  is  very  long  compared  to  ihe  for- 
mation tine  lag  of  discharge;  and  the  breakdown,  in  general, 
occurs  at  this  relatively  low  value.  Thus,  in  spite  of  the 
very  shad’d  rise  (rate  of  voltage  application  is  very  large) 
of  the  step  potential,  there  is  no  contradiction  of  the 
stated  result  that  breaicdown  voltage  increases  with  rate  of 
voltage  application.  This  is  because  the  conditior>3  in  the 
two  cases  are  diffe3-ent  physically.  Though  the  results  in 
Table  2 indicate  t’^at  the  diodes  do  not  pass  in  acceptance 
testing,  results  froir,  more  exhaustive  tests  of  the  leneral 
Electric  Coinioany  show  that,  in  general,  the  diodes  do  pass. 
Further  tests  appear  to  be  necessary,  partlciilarly  to  corre- 
late rtjsults  from  testing  with  a step  potential  vitu  results 
obtained  from  the  I.'3VT. 
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APPENDIX 


eO.  APPROXIMATE  ORDER  OF  MA3NITOD&  FOR  TV4E 
TRANSIT  TIME  OF  AN  ION. 


F = rr\€k 
F=<iE 


F»-fo*~ce  or»  t.Ke  ion. 
m=imaaa  oF  t.!^  ion. 
Ax  dccel  er  at  t o n 

on  ion. 

E*e\ec'tric  -Fu*M- 


Assume 
occel  en  ati  on 

X'iot^ 


Field  ^ Tnen 


there  IS  A tonstont, 

IS  A oonston't. 

X=  distance  wKicK  ion  nnoves. 
t;=  time  reo[Oired  to  mov©  the  disfconceX. 
2mX 


Assume  we  have  the  conetont  -field  caused  by 
pored  el  plates  at  o distance  ^ apart. 

Then  E— 


/.  t*-  2mXd 
■eV“ 


Let  ro— I O nucleon  moe&es 

^\OXZy.  ioV<5  Xic'^'xgm 

16X10“^®  Kgm 

’ .et  X = Imrry  » 10"^ meters 
d »3X  \0~^  meters 

e*  electron  charge  *-Ij6XIO“'®cou lorn t 
V=  50  volts 

. .*  2XU6XlO’*®XVO~^X3XlO~^  14 

• ’ ^ * l.eXlO’'»X5  XIO  ^ 

t=r  lO'^  Seconds 
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SUMMARY  OF-  SPeClFlCATlONS"^ 
FOR  COLD  CATHODE  DIODES 


A-  BREAK  DOW  M VOLT  A 0 E 


TUBE. 

TVPE 

NOMINUU 
B.  D.  V. 

PERCENTAGE 
TOLER  AMCE 

— ' 

LOWER 

TOLERANCE 

LIMIT 

UPPER 
-TOLERANCE 
L'.M  VT 

XD-IB 

lOO  VOLTS 

rai 

92  VOLTS 

108  VOLTS 

XD-2B 

150  VOLTS 

136  VOLTS 

162  VOLTS 

XD-3B 

225 VOLTS 

18% 

207  VOLTS 

243  VOLTS 

6 - EN  EReV  TR ANSFE  R 


TUBE 

type 

AMPLITUDE 
OF  VOLTAGE 
PULSE  APPLIET 

PERCENTAGE 

tolerance 

LOWER 

tolerance 

LIMIT 

UPPER 

tolerance 

LIMIT 

XDHB 

150  VOLTS 

i Z% 

1274  VOLTS 

152.8  VOLTS 

XD-20 

1 95  VOLTS 

t 2% 

\912  VOLTS 

198.6  VOLTS 

XD’3B 

295  VOLTS 

1 2% 

— - - ■ ■■  -I 

289.1  VOLTS 

30a9  VOLTS 
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